SUMMARY Mutagenicity has been measured in the gastric juice of 228 patients using the Ames bacteriological test system; while mutagenicity in control and duodenal ulcer patients did not differ from saline controls, mutagenicity was significantly increased compared with controls in patients suffering gastric ulcer (p<0002), carcinoma (p<0002), and in patients after gastric resection (p<001). A transient rise in mutagenicity was seen following H2 antagonist ingestion (p<0002). Increased levels of mutagenicity were found to correlate closely with gastric juice pH and bacterial count. Histidine concentrations in gastric juice did not explain the mutagenicity results.
The Ames' test' utilises a bacterium to detect mutagens. There is a close association between mutagenicity and carcinogenicity.2 The application of this technique to gastric juice has previously been reported by Montes et al. 3 Salmonella typhimurium strains TA 100 and TA 1538 were-used and a mutagenic effect was detected in the gastric juice of volunteers in areas of the Colombian Andes where there is a high incidence of gastric carcinoma. This effect was only present in gastric juice samples with detectable amounts of nitrite, but was not produced by nitrite alone. Samples from volunteers resident in low risk areas failed to produce this mutagenic effect. It was suggested that intragastric n-nitrosation was responsible for the mutagenic effect. The same workers had previously reported a correlation between high gastric juice concentrations of nitrite, high pH, atrophic gastritis, and gastric carcinoma.
The potential risk of carcinogenesis by H2 antagonists has also been investiated by this technique. Deflora added to a saline control to simulate the presence of histidine in the gastric juice. In considering differences in mutagenicity ratios between different patient groups the mean of the three colony counts for each patient was taken and the Mann Whitney test used. Median numbers of gastric bacteria are plotted in Figure 1 . While standard errors are given in Tables 1 and 2 these have not been used in the statistical method.
Two hundred and twenty eight patients were studied and of these 45 had duodenal ulcer, 22 a gastric ulcer, and gastric carcinoma was present in 21. In 16 patients no abnormality was detected at endoscopy and these are included as 'normals'. Forty nine patients taking H2 antagonists were studied either within one to three hours of ingestion (n=31) or 12 hours after ingestion (n=18). Forty two patients were investigated who had previously undergone gastric surgery: partial gastrectomy 18, vagotomy 34.
In an additional 33 patients both gastric juice mutagenicity and histidine concentration was assayed. 
Results
Of the twenty six samples of gastric juice tested at both pH 4 and pH 7 no significant difference in mutagenicity was found in the number of colonies (Table 3 ) (mean 146 and! 142 colonies respectively). Testing was not possible at pH 1 because the organism was consistently killed.
The results of mutagenicity testing on both fresh and frozen gastric juice are provided in Table 4 . In this case the ratios of the colony count produced by the gastric juice specimen to the saline control are shown. The ratio to the saline control was 1-48 fresh and 1 40 frozen. The remainder of the Ames tests in this article were performed on frozen gastric juice.
While the results of the gastric juice histidine were variable (Fig. 2) no particular pattern was seen. Increasing concentrations of histidine in the sample produced a rise in mutagenicity represented by the dotted line in Figure 2 , but in no case were the concentrations of histidine detected high enough to account for the mutagenicity results. Indeed, while in comparison with the non-mutagenic samples (shown as open circles in Fig. 2 ) histidine levels in highly mutagenic juices tended to be a little higher eight of the nine juices with a mutagenicity ratio Fig. 3 ). For each patient the mean of the three colony counts was compared with the mean saline control, to provide a mutagenicity ratio. Each result is plotted in Fig. 3 . There was considerable variation in these ratios for individual patients within a group but some significant differences between groups are evident. There is no difference between the 45 duodenal ulcer patients (saline ratio 1.28) and 16 asymptomatic controls (ratio 1.16). The levels of mutagenicity seen in these groups was only slightly higher than for the saline controls.
Considering patients taking the H2 antagonists (either cimetidine 400 mg or ranitidine 150 mg between which we have noticed no difference), we found that in patients within one to three hours of drug ingestion the mutagen ratio to saline control was raised at 2*74 (Table 1, Fig. 3 ). These results are significantly more mutagenic than the duodenal ulcer and control groups (p<0O002). In contrast, 12 hours after drug ingestion the saline ratio was 1-2, which is not different from the controls.
The 22 patients with gastric ulcer were found to Fig. 3 ). These ratios are significantly higher than those of controls (p<0.0002).
We tested 21 patients with carcinoma of the stomach, the mutagenicity ratios are the highest of any group, 3*86 to saline control (Table 1, Fig. 3 ).
These ratios are significantly higher than for controls (p<0*002).
We have studied gastric juice mutagenicity in 42 patients after peptic ulcer surgery. The results for those who have had a partial gastrectomy have been separated from the remainder who have had some form of vagotomy. For the 34 patients in the vagotomy group the mean pH was 2-69 (±0-36 SE), and the saline control ratio 1-77 (±0-14). These mutagenicity results are only a little higher than the duodenal ulcer or control groups. The difference in saline control ratio just achieving statistical significance (p<001). The 12 patients who underwent gastric resection, however, have a mean saline control ratio of 2.63 (±0.24). These results are significantly higher than the vagotomy group (p<0002) or than the controls (p<0-002). The mean pH of the gastric resection group was 5*6 (±0.46).
We next studied the relationship between all our mutagenicity results and pH of the sample (Table 2 , Fig. 1) . A gradual increase in saline ratio is seen with the increasing alkalinity (Fig. 1) . A regression line has been constructed and this is different from a horizontal line (which would indicate no relationship between mutagenicity and pH) for saline ratio (Fig. 3) 
